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Abstract 
Classification of emergency is the important premise of making pre-plan, and basis of allocation supplies and rescuers 
scientifically, as well as the key technology of emergency management. The previous studies of emergency grading emphasized 
grading after the accident, they did not consider traffic guarantee during the accident which would result in error judgment of 
grading. In addition, most studies were qualitative. In this paper, a quantitative model of grading of emergency during the 
accident was proposed. Considering traffic guarantee of rescue for emergency, the influence factors of emergency grading are 
recommended from three aspects such as characteristics of emergency, impact on society and capable of traffic guarantee. 
Because some factors are qualitative and difficult to measure exactly and objectively, the fuzzy analytic hierarchical process is 
introduced to determine local weight of factors and sub-factors. Finally, the proposed method is applied in a real fire. 
© 2016The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction 
At present, with the development of social economic, urban emergency occurs frequently, such as fire, explosion, 
hazardous chemicals, etc. They would do tremendous damages to our society if they are not properly treated. Hence, 
reasonable pre-plan and rapid response is very important to reduce loss and deal with emergency. While, correct 
grading of emergency is the important premise of making pre-plan, and basis for emergency managers allocating 
supplies and rescuers scientifically, as well as the key technology of emergency management. So, researches on 
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classification of emergency have very important significance. This paper will discuss how to divide the grading of 
urban emergency scientifically and reasonably as to select the corresponding preplan at the initial stage of 
emergency to deal with emergency effectively. 
2. Review of previous studies 
Up to now, there were many researches on classification of emergency. U. S. Nuclear Regulatory Commission 
proposed a new hazard warning system that divided emergency into five grades, expressed by different colors of 
green, blue, yellow, orange, red from low to high (Guoji 2004). 
In January 8, 2006 the Overall Emergency Preplan for National Sudden Public Incidents State was issued by 
China’s State Council which prescribed that emergency can be divided four-grade according to the character, 
severity, controllability and the extent, namely, specifically (i), major (ii), a (iii), general (iv) (China’s State Council 
2006). 
Yang Jing and Chen Jianming (2005) discussed classification of emergency in incident management from the 
viewpoint of system, and raised a set of correlative methods. They connected the classification of emergency with 
the abundance of resource in dealing with it, and emphasized the effect of time on the classification of emergency. 
Song Shasha and Dai Feng (2010) discussed dynamic classification of emergency using fuzzy AHP and cluster 
analysis. Ji Xuewei and Weng Wenguo (2008) established a quantified model with a fuzzy logic framework for 
obtaining the warning classification. Jiang Xuepeng (2008) proposed the standards for highway tunnel accident 
grading and the measures of emergency response in the light of tunnel accident risk, urgency of emergency response 
and its influence and risk level to site traffic. WangFu and LiJie (2009) divided emergency into four-grade from 
influence scale, number of people and extent of damage. In addition, Wu Yanhua (2009), Yang Xiaokuan (2010) and 
Wu Xingchun (2010) discussed grading of emergency evacuation according to different standard. 
Although there are many achievements on grading of emergency, some limitations still exist, as follows, 
1) It is grading after the event that does not consider influence on event from external factors during event, such 
as whether rescue vehicles can reach accident site in time or not, and difficulty in reuse which will affect the 
development of emergency, besides considering aftereffect of emergency, such as number of dead, economic losses. 
For example, a fire is not dangerous, but rescue road was jam caused by traffic accident or other reasons at that time, 
which would make rescue vehicle not arrive fire site in time, and situation of disaster would be worsen quickly and 
aftereffect would be greater. Thus, the preplan selected according to former criteria may not be proper.  Hence, 
grading after the event has little significance to emergency treatment. 
2) Currently, many researches on grading of emergency are qualitative, lacking of quantitative analysis. It is 
difficult to accurately quantify the classification and provide practical guidance and scientific issues 
So, this paper, considering traffic guarantee ability during the accident, puts forward quantitative model of 
emergency classification based on fuzzy analytic hierarchy process, which has important theory significance and 
practical values. 
3. Methodology 
This paper proposes the use of fuzzy AHP method to determine the grade of urban emergency. The AHP, 
introduced by Saaty (1980), addresses how to determine the relative importance of a set of activities in a multi-
criteria decision problem.  The AHP is based on the subdivision of the problem in a hierarchical form. It can be 
widely used for tackling multi-criteria decision making problems in real situation. Although the AHP is to capture 
the expert’s knowledge, the traditional AHP still cannot really reflect the human thinking style (Kahraman, C et al. 
2003). In the traditional formulation of the AHP, human’s judgments are represented as crisp values. However, in 
many practical cases the human preference model is uncertain and decision makers might be reluctant or unable to 
assign crisp values to the comparison judgments (F.T.S. Chan et al. 2007). Having to use crisp values is one of the 
problematic points in the crisp evaluation process (Wang, T. C et al. 2007). And this method is often criticized due 
to its use of unbalanced scale of judgments and its inability to adequately handle the inherent uncertainty and 
imprecision in the pair-wise comparison process (Deng, H 1999). To overcome all these shortcomings, FAHP was 
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developed for solving the hierarchical problems. Decision makers usually find that it is more confident to give 
interval judgments than fixed value judgments.  
There are many fuzzy AHP methods and applications in the literature proposed by various authors. The earliest work 
in fuzzy AHP appeared in Van Laarhoven and Pedrycz (1983), which com-pared fuzzy ratios described by triangular 
member-ship functions. Chang (1996) introduced a new extent analysis approach for the synthetic extent values of 
the pair wise comparison for handling fuzzy AHP. This method uses the triangular fuzzy number s as a pair wise 
comparison scale for deriving the priorities of factors and sub-factors. Buckley (1985) initiated trapezoidal fuzzy 
numbers to express the decision maker’s evaluation on alternatives with respect to each criterion. In addition, 
modeling using fuzzy AHP has proven to be an effective method for formulating decision problems where the 
information available is subjective and imprecise (Enea, M.et al.2004, Ertugrul, I. et al.2009, Haq, A. N. et al.2006, 
Metin Dag deviren et al.2008, Masoud Zare Naghadehi et al.2009, Davide Mancan. et al.2011). In this paper, we 
will use Chang’s analysis method because the steps of this approach are easier than other fuzzy AHP approaches. 
The definition of the triangular fuzzy number and the steps of Chang’s extent analysis method are as follows.  
A triangular fuzzy number A
~
 is defined by three real numbers a ≤ b ≤ c, and characterized by a linear piecewise 
continuous membership function )(
~ xA of the type (L. Mikhailov. et al.2004): 
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Where, a is the most possible value of the fuzzy number A~, and c and b are lower and upper bounds, respectively. 
According to Zadeh’s˄Zadeh LA.1965˅ extension principle given two triangular fuzzy numbers ),,(~ 1111 bacA   and 
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2222 bacA   , c1 and c2 >0. 
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Then let  noooX ,, 21   be an object set, and  mgggU ,, 21   be a goal set. according to the method of Chang’s 
extent analysis, each object is considered one by one, and for each object, the analysis is carried out for each of the 
possible goals, gi. Therefore, m extent analysis values for each object are obtained and shown as follows: 
,,2,1,
~
,
~
,
~ 21 niAAA mgigigi     Where all the ),2,1(
~ mjA jgi   are triangular fuzzy numbers. The membership function of the 
triangular fuzzy number is denoted by )(
~ xA  .The steps can be given as follows: 
Step1: the value of fuzzy synthetic extent with respect to the ith object is defined as 
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Step2: the degree of possibility of ),,(~),,(~ 11112222 bacAbacA   is defined as˖ 
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Step3: the degree possibility for a convex fuzzy number to be greater than kconvex fuzzy numbers ),2,1(~ kiAi   can 
be defined by 
kiAAVAAAAV ik  ,2,1),~~(min)~,~,~~( 21   (10) 
Step4: finally, Tknkk SSVSSVSSVW ))(min),(min),((min 21'    is the weight vector for k=1,2...n.. After normalization, the 
normalized weight vector can be calculated as W. 
4. Proposed fuzzy AHP model 
The proposed fuzzy AHP model to determine the grade of emergency is composed of the following steps: 
Step1: Determine the factors and sub-factors to be used in the model. 
There are many factors influencing grade of emergency, so, in addition to impact of emergency and aftereffect, 
whether traffic character can guarantee rescue effectively during the accident is considered. Hence, influence factors 
can be determined from three aspects, including character of accident, impact on society and traffic guarantee. 
Characteristics of accident include four aspects (JI Lei.2006): 
1) Influence range: Including district, cover area of hazard etc. 
2) Loss or damage degree: Including injuries and death, economic loss.  
3) Spread: Involving weather, spread channel etc.  
4) Time: Referring as instant when emergency occurs and duration time. 
Impact on society mainly includes two aspects: 
1) Impact on traffic system: Involving damage degree of traffic facilities and change of flow 
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2) Influence on public: Including the impact on psychology of people particularly, whether emergency will result 
in great panic or not. 
Degree of traffic guarantee in rescue includes four aspects: 
1) Road network condition: Including connectivity and accessibility 
2) Traffic management condition: Including traffic induction, intelligent control, information issuance means etc. 
3) Traffic flow situation: Involving whether traffic flow is congested or not around accident site  
4) Traffic environment: Mainly including visibility and pavement condition. 
Step2: Structure the AHP model hierarchically based on the factors and sub-factors identified at Step 1. AHP 
model is structured such that the objective is in the first level, factors are in the second level and the sub-factors of 
the factors from the second level are on the third level 
Step3: Determine the local weights of the factors and sub-factors by using pair wise comparison matrices. The 
fuzzy scale regarding relative importance is shown in table 1(Saaty, T. L. 1980). 
Table 1 Scale for importance 
Linguistic scale Value(a) 
Equal importance 1 
Moderate importance 3 
Strong importance 
Very strong importance 
Extreme importance 
Intermediate values between the  two adjacent 
judgments 
5 
7 
9 
2.4.6.8 
Step4: Calculate the global weights for the sub-factors. Global sub-factor weights are computed by multiplying 
local weight of the sub-factor with the local weight of the factor to which it belongs. 
Step5: Measure the sub-factors according to grading criteria of each factor. 
Step6: Calculate the total scores of accident by using the global sub-factor weights and linguistic values. Then 
the grade of emergency can be determined according to evaluation criteria (table 2). 
Table 2. Grade and value of emergency 
Grade Firstly Secondly Thirdly Fourthly 
Descriptions specifically major a general 
Value 8-10 6-8 4-6 1-4 
5. Numeric application 
5.1. Background of Event 
At 9:40 am, on February 5, 2009, there was a fire in HuaCheng mall on HanZheng Street in QiaoKou district in 
Wuhan. The building has 9 floors, where the first floors are shops, the second and third floor are storages and the 
residential buildings are on more the fourth floor. Fire was in the artware storage on the second floor. Because the 
fire spread quickly, hundreds of businesses were forced to evacuate the building, but about 200 people were trapped, 
and the burned areas were 2000 m2, 5 or 6 nearby buildings were also impacted by the fire. The streets near the fire 
were narrow which resulted that fire engines could not arrive at the fire, and the fighters could only wait order away 
from fire. Meanwhile, ambulances could not arrive at site, and the injured people were carried out. 
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5.2. Judgment of Grade 
Step1: The factors and sub-factors used to measure the grade of emergency are determined in this step. According 
to analysis of accident, 8 factors are determined. These 8 factors can be classified into three as character of accident, 
impact on society and traffic guarantee. The factors are given below. 
ǂķCharacter of accident  
Damage area, number of trapped people, spread speed 
ǂĸImpact on society  
Impact on traffic system, impact on public 
ǂĹTraffic guarantee 
Road network accessibility, traffic management condition, traffic flow situation 
Step2: The AHP model formed by the factors and sub-factors determined in the first step is shown in fig.1. 
 
 
Fig. 1. Evaluation index system. 
Step3˖In this step, local weights of the factors and sub-factors which take part in the second and third levels of 
AHP model are calculated. Take the first level indexes as an example, comparing importance between character and 
influence on society, several triangular fuzzy numbers can be obtained by five decision makers, such as˄3,5,7˅,
˄2,5,6˅,˄2,5,5˅, ˄2,5,7˅ ,˄3,5,6˅. Then these numbers are integrated by equation 11(Masoud Zare 
Naghadehi.etal.2009) and the results are shown in table.3. 
Table 3. Fuzzy pair-wise comparison matrix 
 Character Influence on society Traffic guarantee 
Character (1,1,1) (2,5,7) (1,2,4) 
Influence on society (1/7,1/5,1/2) (1,1,1) (1/6,1/3,1) 
Traffic guarantee (1/4,1/2,1) (1,3,6) (1,1,1) 
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Where, 
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)(k
ijc üü Pessimistic assessment on relative significance between factor i and j for kth expert; 
)(k
ija ——average assessment on relative significance between factor i and j for kth expert; 
)(k
ijb ——optimistic assessment on relative significance between factor i and j for kth expert; 
Local weights of these three factors can be calculated by using the fuzzy comparison values presented in Table 3 
through Chang’s extent analysis method as follows: 
)7199.1,5704.0,1776.0()1323.0,0713.0,0444.0()2,8,4( CS  (12) 
)3308.0,1093.0,0581.0()1323.0,0713.0,0444.0()5.2,5333.81,3095.1( IS  (13) 
)0584.1,3209.0,0999.0()1323.0,0713.0,0444.0()8,5.4,25.2( TS  (14) 
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5218.0)(  TI SSV , 2494.0)(  CI SSV  (16) 
7793.0)(  CT SSV , 1)(  IT SSV                  (17) 
TW )7793.0,2494.0,1('    (18) 
Thus, the normalized weight vector from Table 3 is calculated as 
TW )3841.0,1229.0,4929.0( . The local weights for 
the sub-factors are calculated in a similar way to the fuzzy evaluation matrices, and the results are shown in table 4. 
Table 4. Value and weights of each factor. 
Factors Local weight Sub-factors Local weight Global weight Score 
Character 0.4929 
Damage area 0.1210 0.0596  9 
Number of trapped people 0.6483 0.3195 10 
Spread speed 0.2297 0.1132  9 
Influence on society 0.1229 
impact on traffic system 0.3333 0.0410  5 
Impact on public 0.6667 0.0819 7 
Traffic guarantee 0.3841 
Road network accessibility 0.4161 0.1598 10 
Traffic management condition 0.1260 0.0484 5 
traffic flow situation 0.4579 0.1759 5 
Based on the estimating criteria of indexes (table 5) (Heyaqin.2013), the scores of each sub-factor given by 
experts are shown in table 5.  
The final score of emergency can be calculated by weighting the weight and score of each index, and equals 
8.2492. So, the emergency can be considered as first-order. 
6. Conclusions 
Reasonable grading of emergency is the basis for emergency managers allocating supplies and rescuers 
scientifically, and the importance premise of preplan, as well as the key technology of emergency management. A 
quantitative grading model of emergency was proposed. Previous researches rarely considered the traffic character 
during the accident, which would impact the development of incident, so in this paper, road traffic characters, 
including traffic management condition, traffic flow situation and road network accessibility are considered when 
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classifying the emergency. Meanwhile, the fuzzy AHP method is applied to determine the degree of importance of 
factors. Humans are often uncertain in assigning the evaluation scores in conventional AHP. Fuzzy AHP can capture 
this difficulty. This method has the ability to capture the vagueness of human thinking style and effectively solve 
multi-criteria decision making problems.   
However, the development of emergency after implementing preplan should be considered in emergency 
classification, which belongs to dynamic grading. How to consider the dynamic relationship between preplan and 
grading of emergency will be a major focus for future research. In addition, the rationality of judgment criteria of 
each factors needs to be verified. 
Table 5. Judgment criteria of each index. 
Grade 
score 
 First-order 
8-10 
Second-order 
6-8 
Third-order  
4-6 
Forth-order 
1-4 
Character 
Damage area/ m2 
Number of trapped people/p 
Spread speed 
≥1000 500~1000 300~500 ≤300 
≥200 100~200 50~100 ≤50 
very quickly Rather quickly  general slowly 
Influence on society 
Impact on traffic system 
Impact on public 
interruption serious congestion traffic jam driving slowly 
very significant great general  little 
Traffic guarantee 
Road network accessibility 
Traffic management condition 
Traffic flow situation 
bad general better very well 
unperfected general rather perfect perfect 
supersaturation congestion Heavy volume, 
driving slowly 
Driving normally 
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